Abstract This paper compares the conceptual design of anaerobic treatment alternatives for brandy distillery process water from the production of wine, brandy, high proof alcohol, and cleanup activities that will be land applied. The results of process water characterization and treatability testing are included. The wine industry's sustainable practices movement and recent tightening of the State of California requirements for land application of food and beverage processing wastewater, have forced facilities to reevaluate the characteristics, segregation options, and treatability requirements for recycling, reuse, or discharge of effluent to land treatment facilities. The treatment alternatives, results of characterization, and bench-and pilot-scale treatability testing for solids, organics, and nutrient removal using anaerobic and aerobic biological and physical-chemical treatment methods are presented. Based on test results and evaluation, we developed a conceptual design and cost estimates for process water treatment systems to remove solids, organics and nutrients that include energy recovery and produce effluent of improved quality for land application.
Introduction
This paper compares conceptual designs of anaerobic treatment alternatives for land application of distillery process water from the production of wine, brandy, and high proof alcohol.
The California wine industry has increasingly emphasized the development and implementation of sustainable practices for vineyards and winery operations, as evidenced by the Wine Institute's recent Code of Sustainable Winegrowing Practices project, initiated in 2001. That project compiled references and resources in a self-assessment workbook that the wine industry uses to evaluate sustainability (Wine Institute, 2002) . As the industry increases emphasis on economical, sustainable process water treatment systems, facilities will have to reduce organic and inorganic concentrations in the process water, reduce loadings and improve effluent quality for land application systems to minimize groundwater quality degradation.
Also, increasing urbanization and rising land values restrict expansion of many brandy distilleries, particularly for existing process water land application systems. Recent cost increases for natural gas and electricity in California are changing the economics of energy conservation and recovery for process water treatment systems. These factors and increased scrutiny from Regulators regarding groundwater degradation have led many operations to reevaluate existing practices and plan for changes (Chrobak, 2002) . Tighter restrictions are proposed for land application processes because groundwater quality has been degraded in the vicinity of some operating facilities. Regulators are concerned about the role of inorganic dissolved salts and nitrate in degrading groundwater quality.
Some of the large brandy distilleries have investigated and developed planning level costs and assessed the effectiveness of process water treatment by aerobic, anaerobic or combined biological stabilization processes prior to land application. The goals were to improve cost-effectiveness, energy-efficiency in process water handling, and potential reclamation for more sustainable practices that meet increasingly stringent disposal regulations.
This study used available process water characterization data, an evaluation of segregation options, and available bench-and pilot-scale treatability testing data for solids and organics removal (using Chemical Oxygen Demand [COD] and Biochemical Oxygen Demand [BOD] ) to develop and compare conceptual alternatives for treatment systems that meet the objectives of reducing the organic load and improving the quality of effluent discharged to land application systems. The treatment systems used physical-chemical, anaerobic and aerobic biological treatment methods to achieve the objectives.
Facility process water
Process water generated from washing and cleaning tanks, equipment and floors is typically combined and discharged to land application systems. The facilities investigated averaged about 8.44r10
5 to 2.23r10 6 litres (L) (223,000 to 590,000 gallons [gal]) of process water per day that was discharged to land application systems for treatment and disposal. The maximum daily flows during the peak crush period, typically in September, ranged from approximately 2.77r10 6 to 8.7r10 6 L (733,000 to 2,300,000 gal).
The process water produced at the facilities is treated on 0.324 to over 2.02 km 2 (80 to over 500 acres) of spreading basins. This type of treatment was developed for the Wine Institute by Coast Laboratories more than 50 years ago, primarily for odor control for brandy stillage process wastewater in the Fresno, California, area (Coast Laboratories, 1947) . Large seeds and solids are removed and winery stillage process wastewater, with BOD as high as 20,000 milligrams per litre (mg/L) and pH ranging from 3.5 to 5.5, is spread to a depth of about 10.2 centimetres (cm) (4 inches), at an application rate of 0.067 kg BOD/m 2 /day (600 pounds of BOD/acre/day) in multiple fill and drain basins. The process water percolates into the soil where BOD and nutrients are stabilized and pH is elevated by a combination of soil microbial growth and reaction with alkaline-calcerous soils typical of the California Central Valley.
Methods
The study reviewed available process water characterization and treatability testing data from the facilities, segregation options, and treatment alternatives to meet the objectives. Historical process water data collected from the facilities was evaluated and used to estimate characteristics based on anticipated future operating or expansion plans. The facilities provided monthly operation schedules, expected flow, organic and inorganic concentrations and mass emissions. Frequently, large winery crushing and fermentation facilities were at the same location. However, the flow and concentrations of constituents in the distillery process water were typically several times that of the onsite winery process water in a typical production year and relatively continuous, in contrast to the seasonally variable winery process water.
The study used available data from bench-and pilot-scale treatability testing of process water from major sources to evaluate the effectiveness of physical-chemical, and aerobic and anaerobic biological processes to remove solids, organics (COD), and nutrients (total nitrogen). Treated process water quality criteria were established for land application, recycling and reuse options at the facilities.
Results

Process water characteristics
The study used historical information and data compiled from existing operations to project anticipated process water characteristics. Results are listed in Table 1 . The estimated characteristics in Table 1 are consistent with and representative of the range of data for wineries and distilleries in the literature (Joyce et al., 1977 and Ryder, 1994) .
Treated process water reuse options
The identified treated process water reuse options included land application, vineyard irrigation, cooling tower makeup, and plant service water for clean up.
General water quality criteria for reduced load land application, vineyard irrigation, and cooling water makeup were developed to assist with the evaluation. Water quality guidelines for clean up are similar to those for irrigation or cooling tower makeup. Depending upon the use, lesser quality may be suitable. These water quality criteria were used as guidelines that can be refined for site-specific requirements and used as preliminary treated process water quality goals for the investigations. Site-specific soil characteristics also need to be evaluated in conjunction with irrigation water quality criteria.
Bench-and pilot-scale treatability studies
For the investigations, the study used available characterization and bench-and pilot-scale treatability study data from various suppliers of solids separation and biological treatment process equipment.
Bench-scale tests using gravity settling and dissolved air flotation were used to evaluate solids and COD removal from process water samples and blends of the samples. Gravity settling test data ranged from 57% to 78% for TSS removal, without and with chemical coagulant additions, respectively. Gravity settling test data indicated that COD removals were negligible both with and without chemical coagulant additions.
Dissolved air flotation test data indicated removal efficiencies ranging from 33% to 98% for TSS, without and with chemical coagulant additions, respectively. COD removals ranged from negligible to 53%, without and with chemical coagulant additions.
Results of a biological methane potential (BMP) test that was run on a representative sample of distillery process water were also used. Overall COD removal for the BMP study was greater than 90%. The study used data collected from a pilot-scale anaerobic and aerobic treatability study. BOD removal efficiencies ranged up to 62%, COD removal was 57%, and the BOD and COD removal ratios for process water samples collected from across the treatment process ranged from 46% to 62%. The pilot study results were used to solicit and refine proposals from process wastewater treatment equipment suppliers for the conceptual design and estimated cost of the full-scale system.
Discussion
The study developed a list of feasible technologies and equipment suppliers based on experience and knowledge in treating high strength organic process water, and winery and distillery process water. The process water characterization data and bench-and pilot-scale treatability test results helped identify, evaluate, and screen technologies using the following criteria:
1. Potential and ability to handle large process water quality and quantity changes 2. Potential for handling or minimizing process upsets 3. Ability to meet process water effluent quality goals 4. Initial screening of aerobic treatment processes, including aerated lagoons and hybrid fixedfilm activated-sludge processes, indicated high energy costs. Because anaerobic processes would be more cost effective, they were selected as the primary stage of the process water treatment system, which will require an overall BOD and TSS removal of 90% to meet effluent goals for reduced load land application. Selection was based on the process water quality characteristics identified in Table 1 and results of the technology screening using the criteria listed above. Two types of mesophillic anaerobic biotechnology processes, low rate covered lagoon anaerobic reactors and upflow anaerobic sludge blanket (UASB) reactors, were selected for the following reasons (Speece, 1996) .
1. Provides process stability under the expected fluctuations in influent quality, and reduces potential for upset. 2. Reduces waste biomass disposal costs. Anaerobic biotechnology eliminates the need for aerobic oxygen transfer, which has high microbial synthesis when treating the raw, high strength organic process water. This will produce cost savings because sludge disposal can be reduced to as low as 5% to 20% of the sludge produced by typical aerobic processes. 3. Reduces nitrogen and phosphorus supplementation costs. The amount of supplemental nitrogen and phosphorus required by anaerobic biotechnology can be as low as 5% to 20% of aerobic process requirements. The theoretical minimum COD/N/P ratio is 350/ 7/1 for a highly loaded system such as this application. Also, nitrogen concentrations in the anaerobic reactor must range from 40 to 70 mg/L to prevent nitrogen limitations for the process. 4. Reduces the addition of pH neutralization salts. The pH of an anaerobic reactor must range from approximately 6.5 to 8.2. Under some conditions, it may be possible to operate satisfactorily at a pH as low as 6.0. 5. Reduces space and costs for installation. Volumetric organic loading rates are 5 to 10 times higher for anaerobic processes than for aerobic processes. 6. Conserves energy (especially aeration), providing environmental and economic benefits. There are no aeration requirements for this stage of the treatment process, while aerobic processes require 500 to 2,000 kw-hr/ton of BOD. 7. Produces burnable gas that can be recovered and used as energy for a portion of the distillery boiler gas supply. Anaerobic biotechnology produces 12r10 6 BTU as methane per 1,000 kg of COD converted to methane. 8. Minimizes operational requirements. Oxygen transfer systems and clarifiers demand substantial operator attention in aerobic systems, but are not required for the anaerobic portion. 9. Eliminates off-gas emissions. Many volatile organic contaminants that are air stripped from aerobic treatment systems are eliminated with anaerobic systems. 10. Avoids foaming when surfactants are present. Severe foaming, which often occurs with aerobic treatment of surfactant wastewater, is avoided with an anaerobic process. 11. Biodegrades some compounds not degraded by aerobic processes. Certain organic compounds, e.g. chlorinated organics, are transformed anaerobically, reducing toxicity. 12. Accommodates seasonal variability in treatment needs for greater process flexibility.
The anaerobic process may be applied to seasonally produced wastewater because the biomass viability is maintained in periods of biomass starvation, due to reduced decay. However, anaerobic technology does have some drawbacks and usually requires additional aeration treatment to control odor for the reduced-load land application system. For certain applications, treatment would be required to meet more stringent treated process water reuse goals. Figure 1 shows a conceptual diagram of the process water treatment. It outlines the proposed unit processes to achieve the treated process water reuse goal for reduced-load land application. The unit operations and processes include screening, flow equalization for one quarter of peak daily flow, a feed and recirculation pump station, two anaerobic bioreactors (low rate or UASB type), an effluent reaeration tank to suppress odor, a biogas Figure 1 Conceptual distillery process water treatment diagram energy electric generator, heat recovery system, a carbon dioxide stripper for the recycle stream, magnesium hydroxide system to adjust pH, a sludge thickener and belt filter press for dewatering, and biological odor scrubbers.
If other treated process water reuse options are desired, such as vineyard irrigation, cooling tower makeup, and service water for clean up, additional treatment steps will be required to polish process water at the point of use.
Identification, development and evaluation of alternatives
This study developed a short list of two primary process water treatment alternatives, a low-rate system and a high-rate UASB, based on experience and knowledge in treating high strength organic process water and winery and distillery process water. We identified and developed two primary process water treatment alternatives using the key technology screening criteria, a conceptual process water treatment train, and based on discussions and proposals from various manufacturers.
The two primary process water treatment alternatives were compared against the evaluation criteria using a relative ranking system. To a degree, the relative ranking system was subjective since it was based on the review and evaluation of proposals and correspondence prepared by the candidate suppliers.
In general, however, the relative ranking among alternatives was based on quantifiable information (e.g., biogas or sludge production estimates) obtained from proposals and other correspondence when available. When no quantifiable information was available or relative differences were not easily discernable, then a tie resulted. In some cases, relative differences between processes, such as low-rate and high-rate technologies were used as the basis to differentiate ranking.
The estimated comparative costs for the UASB-based treatment system were $9,760,000 for capital and $535,000/year for operations, versus the costs for the low rate anaerobic treatment system of $10,900,000 for capital and $507,000/year for operations. Overall operations costs, deducting biogas credit over a 10-year project life, were $0.89 for the UASB compared to $0.97 per thousand gallons treated.
The UASB-based treatment system would occupy one-quarter the area and have an overall advantage of one and one-third of the low rate anaerobic treatment system considering both cost and non-cost factors.
The total organic (represented by BOD) and mineral salts loading to the land application areas are critical parameters in evaluating the potential to degrade groundwater quality. It is important to critically evaluate mineral salts addition to process water in the form of conservative non-reactive ions such as sodium and chloride, and consider opportunities to reduce mineral additions for process water pH neutralization and other processes.
For example, we used carbon dioxide stripping of anaerobic process recycle streams to reduce the need for adding mineral salts. Bioscrubbers have been proposed for odor control, and ozone or paracetic acid disinfectants are recommended in lieu of sodium hypochorite for process disinfecting within the winery and distillery when possible. Magnesium hydroxide is used rather than sodium hydroxide whenever neutralization of acid wastes or recycle streams is necessary. Flow equalization and mixing and odor control by dissolved oxygen eductors also serves to neutralize pH without adding salts. Membrane nanofiltration rather than sodium zeolite softeners for cooling tower, boiler feed makeup and bottling line washing also reduce sodium and chloride salts.
These anaerobic processes, sometimes coupled with aerobic biological polishing processes, and their cost implications are being reviewed and evaluated at a number of brandy distilleries in California. These approaches may need to be implemented in the future as the regulatory criteria for land application discharge permits are being reviewed and renewed at five-year intervals, often with more stringent BOD loadings and nutrient and mineral salts reduction requirements. These processes may be appropriate where groundwater quality has been degraded by increased salts concentrations, increased soluble iron and manganese leached from soil minerals due to lower oxidation-reduction potential (ORP), decreased pH, and increased alkalinity.
Conclusions
This paper identifies a conceptual design of a winery and distillery process water treatment system for organics and nutrient removal (see Figure 1) . The conceptual design was based on process water characteristics, treated effluent quality goals, and bench-and pilot-scale treatability evaluations. The design includes energy recovery for use in other processes at the distillery. The treated process water effluent will be of suitable quality for reduced load land application, recycling and reuse for facility cooling and clean up, or for vineyard irrigation with additional polishing. Facility engineers can use the conceptual design to refine project objectives, design criteria, and select candidate process water treatment equipment suppliers for planning purposes.
